Quantitative measurement of intensity profiles of equal thickness fringes has been carried out in Si and MgO crystal images with an energy-filtering transmission electron microscope using an imaging plate. The crystals have a 90 
Introduction
High-resolution transmission electron microscopy (HRTEM) has been established as a method to analyze nano-structural materials with atomic scale resolution, supported by the advance of a transmission electron microscope (TEM) and its attachments. In particular, the development of detectors such as an imaging plate [1] and a slow-scan CCD camera [2] , which can record an image intensity as digital data with high sensitivity, good linearity and wide dynamic range, has opened up quantitative analysis of HRTEM images and electron diffraction patterns. We have pointed out the possibility of a quantitative HRTEM using some computer experiments in which the images were calculated for InGaAs/InP crystals containing various diffuse interfaces [3] and for InP crystals using various slice thicknesses and crystal potentials [4] . We have also reported quantitative agreement between the observed and calculated HRTEM images of the [001] InP crystals [5] .
The quantitative analysis of experimental data depends entirely on the simulation. Therefore an objective inspection of the simulation program is indispensable for its accuracy. A general simulation program calculates the crystal potential evaluated from atomic scattering factors [6] [7] [8] , the scattering process in the crystal using a dynamical diffraction theory such as the multi-slice method [9, 10] or the Bethe method [11] , and the imaging process by the objective lens on the basis of electron optics, such as the partial coherent imaging theory [12] . These theories contain various approximations and there is a possibility that the programs have bugs or errors. In fact, the results of the calculation of dynamical diffraction intensity by various programs do not always agree with each other [13] . Although mutual comparison of various programs may be effective to find out the bugs, to make the calculated results consistent is not the final aim. The comparison with the reliable experimental data and the subsequent feedback to the theories are still more important.
Equal thickness fringes in a wedge-shaped crystal image are a direct representation of dynamical electron diffraction intensity. Therefore, many investigations were carried out on the basis of the measurement of the equal thickness fringe intensities [14] [15] [16] [17] [18] [19] [20] [21] , and they have contributed to the improvement of the dynamical electron diffraction theory and the evaluation of the structure factor of the crystals. These experiments were, however, carried out on the twobeam excited Bragg condition, and not on the multi-beam excited zone axis condition which is used in the usual HRTEM work. In a previous paper, we have reported the dynamical diffraction intensity profiles obtained from a GaAs and an InP crystal using a slow-scan CCD camera under the [100] zone axis condition and have compared them with the calculated intensities based on the multi-slice method [22] . The paper has pointed out that the calculated intensities, which ignored the contribution of inelastically scattered electrons to the equal thickness fringe intensities, agree with the corresponding experimental profiles at thinner region than 20 nm in specimen thickness.
The aim of the present study was to provide reliable and standard experimental data of zeroloss filtered intensity profiles as well as unfiltered ones of equal thickness fringes from a Si crystal as a typical simple substance and a MgO crystal as a typical ionic crystal under the zone axis condition. Kamiya et al. [20, 21] indicated that in a small angle region the contribution of inelastically scattered electrons is mainly caused by plasmon excitation rather than phonon excitation. Measurement of zero-loss filtered intensity profiles using an energy-filtering TEM enables us to cut the contribution of inelastically scattered electrons due to plasmon excitation out of the profiles. After comparison between the simulated results using a few programs is presented, a trial is also shown where the simulated results are checked with respect to the obtained experimental data, using various crystal potentials.
Experimental
Si single crystals (diamond-type, a § 0¨54307 nm) having a 90 (100) and (010) surfaces for MgO in these crystal orientations. Thus, the thickness t can be derived as a function t § 2x of the distance x from the edge.
The bright field images and the 022 and 040 dark field images for Si, and the bright field images and the 111, 002, 220, 113, 222, and 004 dark field images for MgO were recorded at a direct magnification of more than 200,000 on the imaging plates, whose pixel size is 25 µm.
The data can thereby be read out by a spatial resolution of 0.125 nm or less on the specimen.
Multi-beam lattice fringes were recorded under the same condition without the objective aperture and were used to calibrate the magnification of the images. The incident beam intensity was measured in a vacuum region out of the crystal for the bright field images, and it was measured after removing the objective aperture for the dark field images. The intensity of the equal thickness fringes was then normalized with respect to the incident beam intensity. Zero-loss filtered images were observed with JEM-2010FEF (C s § 1¨0 mm) and JEM-2010EF (C s §
3¨3 mm)
TEMs equipped with an Ω-type energy filter. The accelerating voltage was 200 kV, and an energy slit was set so as to cut off inelastically scattered electrons with energy loss larger than 5 eV. 
Results and discussion
Intensity profiles of equal thickness fringes The ratio of the zero-loss filtered intensity to the unfiltered intensity tends to decrease with increasing thickness on the whole, although it is not always proportional to the thickness because of multiple scattering in crystal. For example, in the 000 profiles of Si and MgO, the ratio, which is about 90 % at a thickness of 10 nm, approximately decreases to 70 % and 60 % at thicknesses of 50 nm and 90 nm, respectively. give different results. Therefore, all the calculations mentioned above were carried out under the same conditions as good as possible within the limit of the programs. The small difference, which appears between P1 and P2 might be caused by using different scattering factors. The difference between P1 (P2) and P3 seems to be caused by the difference in algorithm between the multi-slice method and Bethe method, which is not clear at the present. The discrepancy is, however, insignificant on the comparison with the experimental results.
Comparison between experimental and calculated intensity
The positions of the peaks in the calculated profiles shown in Figs. 4a-4c slightly disagree with those in the experimental profiles of Si shown in Fig. 2 . The position difference ranges between 2 nm and 4 nm. The intensities of the calculated profiles also disagree with those of the zero-loss filtered experimental profiles, because temperature effect and inelastic scattering of electrons are neglected in these calculations for the profiles. The inelastic scattering decreases the total intensity of elastically scattered electrons [27] and also contributes to the image formation as well as the background [28] . The former effect is unavoidable and essential on the electron scattering in crystal, while the latter effect can be almost removed using the energy filter as shown in Figs. 2 and 3. To take account of the inelastic scattering in crystal, a phenomenological calculation, where the inelastic scattering is treated as an absorption effect, was carried out with our multi-slice program P1 by utilizing complex potential [29] . For simplification, the constant ratio of imaginary part of the complex potential, V im , to real part, V re , varying from 0 % to 10 % at intervals of 1 %, was used for a calculation similar to that used by Hashimoto et al. [27] . As shown in Fig. 4d , the diffraction intensity is decreasing with increasing ratio, On the other hand, there are some differences in shape as well as in intensity between the zero-loss filtered experimental profiles of MgO in Fig. 3 and the calculated profiles in Fig. 5a 5g. For instance, the first peak at 23 nm is weaker than the second one at 45 nm in Fig. 3a , while the strongest peak is the third one and the first one is strong and comparable with the second one in Fig. 5a . The difference in the 111 profiles is also remarkable; the second peak at 43 nm is weaker than the first one at 22 nm in Fig. 3b , while the second one is strong and comparable with the first one in Fig. 5b . The discrepancy remains although the same phenomenological calculations as that for Si have been carried out. Crystal potential used in these calculations was derived from the scattering factors for neutral atoms [7] . Then, similar calculations were performed using the crystal potentials derived from the scattering factors for Mg 2" [7] and 
